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(57) Abstract 

A group of vascular damaging agents which can be used in the preparation of medicam«its for the treatment of diseases 
involving neovascularisation arc provided. These are 5(6)-substituted benzimidazole-2r-caibamatcs of fonnula (I) wherein Alk is an 
alkyl group, X is oxygen, sulphur, sulphinyl, sulphonyl, carbonyl (CO), thiocaibonyl (CS). sulphonyloxy, NH, iminomelhylene (C-NH). 
N-hydroxyiminomethylene, N-alkoxyiminomethylene. dialkoxymethylene, 1.3-<lioxolan-2yl, l,l-«thenyt, a group CHR^ or a bond, 
R> is hydrogen, alkylaminocaibonyl or alkoxycaibonyl, R^ is hydrogen, alkoxycarbonyl, cyanomelhyl, cyanoefliyl, alkoxymcthyl or 
acetoxymcthyl. R3 is hydrogen, hydroxy, alkoxy or amino, A is an optionally substituted aromatic, optionally substituted hetcroaromatic. 
optionally substituted heterocycloalkyl, optionally substituted alkyl or optionally substituted cycloalkyl group and the phwmaccutically 
acceptable salts, solvates and hydrates thereof. Most of the compounds of this group are novel, in particular those in which A is an aromatic 
or heteroaromatic ring with substituents, particularly substittients which are phosphates or alkylphosphates. Tht invention therefore provides 
bodi novel compounds and pharmacological compositions with compounds witiiin the broad definition. 
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BENZIMIDAZOLE VASCULAR DAM^CHNG AGENTS 

This invention rdates to vascular damaging jgfi^nts and particulaiiy to the use of new 
and known substituted braztmidazoles in the preparation of medicaments for4t^ 
5 treatment of diseases involving neovascularisatioa 

Formation of nevv vasculature by angiogenesis is a key pathological feature of several 
(fiseases(JFolkman, New EngM Journal ofMedictne 333, 1757-1763(1995)). For 
example^ for a soEd tumour to grow it must devdop its own blood suppfy upon whidi 

10 H depends critically for the proviaon of 09^en and nutrient^ if this blood supply is 
mechanically shut off the tumour undergoes nearotic death. Neovascularisation is also 
a dmical feature of skin lesions in psoriasis, of the invasive panmis in the joints of 
rheumatoid arthritis patients and of atherosderotic plaques. Retinal neovascularisation 
is pathological in macular d^eneration and in tabetic retinopathy. In all these diseases 

15 reversal of i^vascularisation by damaging the fiewfy-forntied vascular en^ 
expected to have a benefidal therapeutic effect 

5(6)-Substituted benamidazole-carbamates are known and have found use as 
an^arasitic agents (P. J. Islip in Burgers Medidnal Chemistry (M. E. Wolffed.), 

20 Fourth Edition^ Part Il,p481, (1979) ).Exanq>Ies of sudiconq)Oundsiiic]^ 

H^^jfyptiria^ftU fonbendazole;, onbendazole^ flubendazole^ albendazole, (^dobendazole^ 
parbendazote^ dribendazole^ hnobendazole^ and etibendazole. Thdr mode of action 
for their antiparaatic action is beSeved to involve sdective bimfii^ to tubulin of the 
target parasite v^e having litde e£fect due to binding tubulm of the ma 

25 (Biodunt Biophys. Acta 630, 271-278, (1980)). Some of these compounds have been 
shown to be antimitotic for cancor cefls and one particular 5(6)-sub5tituted 
bazimidazoIe-2-carbamate» nocodazole; has therefore been studied as an anticanc^ 
agent ( Cancer Researdi, 36, 905*916 (1976)). No effects on neovasculature have 
been rq)orted for any of these compounds. 

30 
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Some structurally-unrelated compounds ^ch bind tubulin have been shown to have 
anti-vascular effects when given at thdr maximum tolerated dose (MTD) ( S. A. Hill et 
al. Eur. J Cancer, 29A, 1320-1324 (1993)) but oth^r tubulin-binding agCTts» such as 
ddcetaxd, have no vascular-dama^ng activity even when admiiustered at the 
5 The presence of tubulin-binding properties is then not predictive for antivascular 



AcconGng to the present invention there is provided the use of S(6)-substituted 
benzinudazole-2-carbamates for the preparation of compositions for the treatment of 
10 diseases involving angiogeneds in wludi the 5(6)-substituted benzinndazole carbamate 
hastheformula 



15 

\^aein 

ADc is an aDcyl group 

X is oxygen, sulphur, sulphinyl, sulphoi^ carboi^ (CO), tUocarboi^ (CS) , 
20 sulphonylo)9,NI^iniinoinethylene(0=NHXN-fa^ 

alkog^iminometfa^ene^ dialkoxymeth^ene; l,3-dioxolaii-2yl, 1,1-etfaeii^ agroqi 

CHR^orabond 

is hydrogen, alkylanunocarbonyi or aDnyj^carbon^ 
is hydrogen, alkoi^caibonyl, cyanometb^ cyanoetfayl, alkoxymetfayl or 
25 acetoxymetbyL 

is hydrogen, hydroxy, alkoxy or amino 

A is an optionally substituted aromatic, optionally substituted heteroaromatic, 

optionaUy substituted heterocydoalkyl, optionally substituted alkyi or optionally 

substituted cydodSkyl group 



activity. 




I 
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and the phannaceudcaOy accq)table salts^ solvates and hydrates thereof. 
Particular siibstituents that may be preset 

substituents selected from a group Y, opttonally substituted aDg^(ivfaere subsdtuents 
5 on sudialk^ group may indude one or more sdectedfixmi hydros, amino, 
alk^amino, dialkyianuno, halogen, carbc»^ SQA sulphate, phosphate;, 
aOcoxycarbon^ araDcoxycaibonyl, alkoxycaibon^ammo, ammoaD^aimnocaibonyi 
and cyano), halogen, hydroxy, amino, alkoxy, alkylthio, c^ano, ni^ 
isothiocyanate, aryl, heteroaryl and hetotxrydoall^L 

10 

Y is a group sdected from phosphate, aHqdphoqjhate, C(0)R\ 0C(0)R*, S02K*, 
NHC(0)R^ NR'C(0)R^ SK\ S(0)R\ OSOJl\ NHSOJR*, NR'S02R\ SO3H, CQzH 
and CO2R* where is a group selected from hydrogen, R^ 0R^ NHR^ NR^\ aryl, 
heteroaiyi or hetenxTdoalkyl sudi ar^ hetm>aiyl or heterocydoalkyl groups being 

15 optionaDy substituted wHh one or mem siibstituents sdected 

heterocydoalkyl, haloalkyl, hydrcn^, lutro, ^ano, anuno, alkylamino, diall^hanino, 
halogen, caiboi^l, SOJO^ sul|Aate and phoq>hate. R^ and R^ wbich may be the same 
or different, are eadi an alkyl group optionally substituted with one or m 
substhuents sdeded from tydmxy^ amino, aDtytammo, diaO^amino, guamdino, 

20 halogen, caibo)ryl, SQsIi sulphate^ phosphate, ar^ and heteroai^ 

Some of the conqxMmds usaUe m the invention are known, for example the followuig 
conqpounds within the foOo^ng formula: 



25 




These conqxNmds are 
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X A 

Fenbendazole S Ph 

Mebendazole CO Ph 

Albendazde S nPr 

Qxibendazole O nPr 

Nocodazde CO 2-tIuenyl 



Certdn of these compounds are novel. In one raibodiment the novd compounds are 
those of fonnula I in yAadi at least one of the substhuents on the group A is a group Y 
5 vidiere Yisasherdnbefbred^ned. Particulariy preferred are oompoimds defined by 
thefoimula 




10 wherein 

alk is anally group 

B is an aromatic or hetcFoaromatic ring 

X is oxygoi, sulphur, sulpMnyl, sulphonyl, caibon^ (CO), tMocaibon^ (CS) , 
15 sulphoi^oxy, NH miinomethylene (C=NH), N-hydroxyinrinometh^oie, N- 

aUcox^nunomethylen^ (fialkoxymethylene, l,3-dioxolan-2yl, 1,1-ethei^ a group 
(^'orabond 

R' is faydrog^i, aU^laminocarboi^ or alko^^caiboi^l 
R? is hydrogen, alkoT^caibonyl, cyanomediyl, cyanoethyl, alkoxyniethyl or 
20 acetoxymethyl 

is I^drogen, l^droxy, alkoxy or anrino 
Y is as hminb^m defined 

R^ andR' are eadi indq)endenfly I( aO^ halogen, hydroxy, amino, alkylanmio, 
daO^lanuno, aDcoxyy alk^thio» cyano, mtroi, or trifluoromethy^ 
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vnih the pr0V»> that Y is not NHC(0)Me and when B is a thiophene ring then Y is 
not C(0)CF3 and when B is a S(6)-benzimidazole ring then Y is not I4HC02Me or 
NHCQzEt 

5 Bod the phannaceuticalty acccptaUe salts;, solvates, hydrates and prodrugs thereof 

As used herein the term "alkyl", alone or in combinations; means a straight or 
brancfaed-chain aDcyl group containing from one to seven, preferably a maximimi of 
feur, cari>on atoms such as methyl, erii^, propyl, isoprop^ butyl, sec-butyl, t-butyi 
10 and pentyL Exanq[>les of aOcoxy ffotxps are melhoxy, ethoxy, propoxy, isopropoxy, 
buto^^andt-buto}^. The tenn"halpgen" means fluorine, dil<»ine,bronune or iodirc 

The tenn "aiyP as used herein unless otherwise stated includes reference to a C6-jo axyi 
group vibkh may, if desired, cany one or more substituents sdected from halogeno, 
IS alkyl, haloalkyl, alko^, hydroxy, anuno, nitro and (^ano. The term ''aralkox/' means 
an allroxy group substituted with an aiyl group. 

The term hetooaiyl is defined heron as a mono- or bt-cydic aromatic group 
containing one to four heteroatoms sdected in any combination Srom N, S or O atoms 
20 and a maximum of 9 carbon atoms. Examples of heteroar^ groups inchide pyridyl, 
pyrimidyl, finyl, thien^ pyrrol^ , pyrazol^ indol^ benzofin^ benzothieii^ 
benzothiazolyi, oxazolyl, isoxazo^ tfaiazo^ isothiazo^ imidazole triazolyl, 
quino^ and isoquinolyl graiq>s. 

25 The term hetenx^oalkyl indudes heterocydoalk^ groups containing 3 -6 carbon 
atoms and one or two oxygoi, sulphur or lutrogenatonis. Particular examples of sudi 
groups indude azetidmyl, pyrroC^nsi, piperiditqrl, homoppmdinyl, piperaziir^ 
homofnperazuiyl, morpholinyl or tluomorpholinyl groups. 

30 The term cydoalkyl means a cydoaliphatic group containing 3-10 carbon atoms sudi 
as, fi>r example, cydopropyl, cydobutyi, cydopentyl or (^ohexyl. 
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One particulaily preferred gnHqp of conqxninds are those of formula n in Y is a 
phoq[)hate group. 

5 Another particularly preferred group of compounds are those of fonmila II in vAadi Y 
is a group NR^C(0)R'* , is hydrogen and is a 1 -aminoalkyi group wfaidi can be 
fiirther substituted for example by a hydroxy group. 

Where one or more fimctional groups m compounds of formula I or II are suflBdofitly 
10 basic or acidic the formation of sahs is possible. Suitable salts indude pharmaceutically 
acceptable salts for example add addition sahs induding faydrodilorides, 
hydrobromides, pho^hates, sulphates, hydrogen sulphates^ alkylsulphonates, 
aiylsulphonates, acetates^ benzoates, dtrates, maleates, fomarates, sucdnate^ lactates 
and tartrates; salts derived from imvgamc bases induing aDcafi me^ 
15 sodhimOTpotasaum sahs, alkaline earth meudsdtssu^ 

sahs, and salts derived finom organic amines sudi as roorpholine, piperidine or 
dimethylamine salts. 

Those skilled in the art win recognise that compounds of formulae land n may exist as 
20 stereoisomers and/or geometrical isomm and according the presrat invoition 

indudes all such isomers and mbctures thereof The substituted benamidazole group is 
capable of existing in tautomeric forms and the formulae I and II are intended to 
rq>res«t all tautomeric forms and the substituent AX- is in the 5(6) poation. 

25 Conqixiunds of Fonmda I or n may be prepared by any process known to a person 
skilled in the art Compounds of Fornmla I may be prepared by a number of 
processes as generally described bdow and more sped&c3!0y in the Examines 
hereinafter. In tiiefdlomi^ process description, the symbols 
in the formulae dq>icted are to be understood to rqpresent those groups desoibed 

30 above in rdation to formula I or n unless otiierwiseii^cated. bithesdiemes 
described bdow it may be necessary to employ protecting groups wfaidi are tfara 
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lemoved chvipg the final stages €xf the syntheas. The ^propriate use of sudi 
protecdng groi4)s and processes fi>r their removal wiD be readily apparent to those 
skilled in the art 

5 Thus according to a further zspect of die invention compounds of formulae I and n m 
wMcfa and are fay drogm may be prepared by treatment of a diamine of fonrnda 
in with a l,3-bis(aIkoxycaibon^ S-all^ isothiourea, for example 1,3* 
bis(methoxycarboii^)-^-meth^ isothiourea or 

l,3-bis(ethoxycaibonyI)*S-methyl isothiourea^ in a solvoit sudi as an alcohol, for 
10 example methanol or ethanol» optionally mixed with water, at from about room 
temperature to the reflux temperature of the solvrat for about S minutes to 6 hours. 
The reaction medium is preferably made addic by the addition of for example an 
oigamc add such as acetic add or p-toluenesulphoxnc add. 

O 

15 lorll 

Compounds of fomuda 01 are either known or can be prepared by conventional 
procedures. 

20 

Compounds of formulae I and n can also be prq>ared fiom other conq)ound8 of 
formulae I and n by cbenucalmodificatioa Example ofsudichenucal modifications 
that may be q>plied are standard alkylation, a^ation, reduction, oxidation, su^hation, 
aromatic hak>gen8don, armnadc nitration, pho^hoiylation, hydrolyas^ condensation, 
25 deavage and coupling reactions. These reactions may be used to add new 

substituents, to modify esdsting substituents or to modify other parts of the molecule. 

Thus for example a compound of fonnula I or II in vMdi B} is faydrogoi can be 
converted into the corresponding compcwnds where R^ is aO^taminocarboi^l by 
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treatment with an alkyl isocyanate m a solvent such as tetrahydrofiiran at a temperature 
in the range (y* to 40*'C,tyirically room temperature. 

In another general example a thioether group in a compound of fonnula I or n can be 
5 converted into a sulphii^ group by treatment mthperiodate in an aqueous alcohol 
solvent sudi as aqueous methanol or in aqeuotis acetonitrile at abcnit -20^ to SOX, for 
about 1 to 16 h. Ahernativdy this converdon can be effected by treatment with one 
equivalent of a peradd such as 3-dilofOpefbeQzoic add in a dilorinated solvent sudi as 
diddoromethane or ddoroform, at a temper atu re of about -30^C to room temperature. 

ID 

In a fimher general example a tUoether group in a compound of fonnula I or n can be 
converted into a sidphonyl group by treatment two or more equivalems 
peradd such as 3-diloropeibenzoic add in a ddorinated solvent such as 
diddoromethane x ddorofonn, at a temperature of about -30^C to room tenq)erature. 

15 

In a forther general example a keto group in a compoimd of formula I or n can be 
converted into a carbinol group by treatment with a redudng agent for example a 
hydride sudi as lithhim aluminhmi hydride in an ether solvent sudi as diethyl etfa^ or 
tetrahydrofimm at a temperature of from about 0^ to the reflux temperature of the 
20 solvent. 

In a fiirtfaer general exainple a teto groi^ in a coinpouiid of formi^ 
coiiverted into an imine by treatinent with arnnsoina in an aloohofic soh«^ 
elhanol at aroimd room tenq)erature for an extraded period, for exaii^Ie 

25 

In a forther general exanq;)le a keto group in aconq>ound of formula I or n can be 
converted into an oxime by treatm^ ^^th hydroxylamine in an alcoholic solvent sudi 
as etfaanol at around room temperature to around the reflux tmperature of the solvent 

30 In a forther general example a compound of formula I or n contaimng a Iqrdroxjr group 
can be converted mto the corresponifing dihydrogenphoq>hate ester by treatment with 
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for example di-tot-butyl ^ethylphosphoramidite m the presence of a suitable catalyst 
for exanq>le tetrazole in a solvent sudi as an ether solvent for example tetraliydroforan 
at a temperature in the range -40 to 40X , conveniently at or near room temperature, 
* followed by treatment with an oxicfiang agent for example 3-diIoroperoxy benzoic 
5 add orniagneaummonoperoxypfathalateatateoq^eraturemthenmge^^^ 

Inferably -65 to -10*t;. The resulting interme£atephoq>hatetriest^ is treated with 
an add for example trifiuoroacetic add in a solvent such as a ddoiinafed solvent e.g. 
fiddoromethane at a temperature in the range -30 to 40X conveniently at or near 
0^ to ffve the conqpound of formula I or n contaiiung a difaydrogenpho^hate ester. 

10 

In anotho* general example an 0*alkyl group may be deaved to the corre^nding 
alcohol (GH) by reaction with boron tribromide in a solvent such as a dilorinated 
soh^ e.g. dichloromethane at a low temperature e.g. around -78X. 

15 In a forther general exanq>le confounds offorniuk I or n may be alk^atedfa^ 
reaction with a suitable alkylating agent sudi as an alkyl hafide, an al^ 
tolumesulphonat^anaD^metiianesulphcmateoranaU^triflate. The aOcylation 
reaction can be carried out m the presence of abase for example an inorganic base 
sudi as a caibonate e.g. caelum or potassium carbonate^ a hydride such as socfium 

20 hydride or an alkoxide sudi as potassium t-butoxide in a suitable solvent such as an 
qHTodc solvent e g. dimett ylfomiam ide or an ether solvent sudi as tetrahydroforan at a 
temperatureof around -10 to 80^. 

In a forth^ general example compounds of formula I or n contidning an amine group 
25 may be ac^ed by treatment vnOx a cari)ox^c add and a coupfing reagent, for 

example dit^ohexylcarbodiimide, in a sutable solvent for example an aprotic solvent 
sudi as dimetfaylformamide, an ether solvent such as tetrahydrofiiran, a ddorinated 
solvent for example diddoromethane or a solvent mixture at a temperature in die range 
0® to GO^, preferably about room temperature. 

30 
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In a fijrther general example a compound of formula I or n containing an OH group 
can be converted into a cazbamate by reaction with an alkyl isoc^anate or a carbamoyl 
ddoridein an aprotic solvit such as dmethylformamide, an edier soh^ sudi as 
tetrahydrofiuan, a chlorinated soWent for exanq>le dicUoromethane or a solvoit 
5 nuxtureintiiepfesenceofabasesudiasatertiaiyanunebasefi^ 

triediylanuM at atenq^mture tnthe range -2(P to the reSux temperature of the 
solvent, oonveoiently at or around room temperature. 

In a fijrther general example a compound of formula I or n contaning an amino group 
10 can be converted into a urea by reaction with an isocyanate or a caibamo]^ diloride in 
an aprotic solvoit such as dimetfayiformanude^ an ^er sotvoit such as 
t^rahydrofiiran, a chlorinated solv«t for example dicUoromethane or a solvent 
mixture in the presence of a base sudi as a tertiary amine base fi3r &cample 
triethylanune at a taiq>eniture in the range to the reflux temperature of Ae 
15 solvent, conveniently at or around room temperature. 

In a fiirther general example a compound of formula I n contaiim^ a faydro^qr group 
can be ccmverted into a ca]i>onate reaction with an cUorofiMrmate 
sdvent such as dmetfa^fimnamide, an rtfaer solvent sudi as tetrahydrofinan, a 
20 ddorinated solvent for exanq>le diddOTomethane or a solvent mixture in the presence 
of a base such as a tertiary anune base fi>r exanq>le tried^lanune ^ 
the range -20^C to the reflux temperature of the soh^rat, preferably at or around O^C. 

25 Prq>aration of a conqpcMmd of formula I or n as a ^gle enantiomer or^ where 

appropr iate, diastereomer may be effected by syntheds from an enantiomerically pure 
startii^ material or intermediate or by resolution of the final product in a conventional 
manner. 

30 Add ad(fition salts of the compounds of fimnuh I or n are prepared in a conventional 
manner by treating a solution or su^iensionof the fineebase I or n with about one 
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equivalent of a phannaceuticaOy accq>table add. Salts of compounds of fimnula I or n 
derived fiom inoiganic or organic bases are prepared in a convOTtional maimer by 
treating a solution or suspen^oii of the free add I or n with about or^ equivalrat of a 
pharmaceuttcally accqrtable oigaoic or inorganic base. Altemattvdy both add addition 
5 salts and salts derived fiom bases may be prq>ared by treatment of the parent 

conq;>ound with the appropriate ion-exdiange resin in a standard &^oil Conventional 
concentration and recrystalGsation teduuques are employed in isolating the salts. 

Q>ii]pouiids acocHnding to the invention are able to destroy v^^ 
10 nev^ formed, fi>rexanq[)letuiiKHir vasculature, i^eleavii^ 

mature vasculature. The ability of the compounds to act in tins wdy may be determu^ 
by the tests described hereinafter. 

The compounds according to the invention are thus of particular use in the proph^a?ds 
15 and treatment of cancers involving solid tumours aiid in the prophylaxis and treatment 
of diseases where iiuq>propriate an^ogenesis occurs sudi as diabetic retinopathy, 
psoriaas, riieumatoid arthritis, atherosderoas and macular d^eneration. 

The coinpounds of the invention mi^ be adininistered as a sole tiierq>y (MT in 
20 conlnnationwidiodier treatments. Forthetreatmentofsofid tumours compounds of 
the iiKventicm inay be adiimistered in conilriiiat^ 

with other anti-tumour substances fi»r example those sdected fiom mitotic inhiUtors, 
fiir exanq>te vfad>lastin^ paditairel and docetaxel; alk^attng agents, fi>r €9^^ 
d^latin, carboplatm and c^dophosphanud^ antimetabofites; for exaixq;>le 5* 

25 fluorouradl, cytosine arabinoride and hydroxyurea; intercalating ag^its fi>r exanqple 
adriamydn aiui bleomydn; enzymes, fi>r example a^ariginas^ topoisomerase 
inhibitors for exanq>Ie etoposide, topotecan and irinotecan; thymidylate synthase 
inhibitors fi>r example raltitrexed; biological re^nse modifiers for example intoforon; 
antibodies for example edrecolomab and antibodies against the EGFr, HER2 receptor 

30 or VEGF receptor aiidanti-hcwniones for example tamoxifen. Such comlmuition 
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treatmmt may involve simuttaiieous or sequential applicadosi of the individiial 
, components of the treatment 

For the prophylaxis and treatment of disease the compoimds according to the mv^on 
5 may be administered as pharmaceutical conqyositions sdected with r^ard to the 
intended route ofadnunistration and standard phannaceutical practice^ Sudi 
pharmaceutical compositions may tak» a fbrm suitable for oral, buccal, nasal, topical, 
rectal or parenteral a dmiiiisti ati on and may be prepared in a convoitional manner 
using conventional exdpients. For example for ond adnmiistradon the pharmaceutical 
10 compositions may take tfiefi>rmoftablets or capsules. For nasal administration or 
admimstration by inhaladon the conq>ounds may be convemoitty delivmd as a powder 
or in sohition. Topical adnnmstration may be as an ointment or cream and rectal 
admiiustration may be as a suppo^ory. For parmteral iigection Qndudii^ intravenous^ 
subcutaneous, mtramuscular, intravascular or infiidon) the conq>oation may take the 
15 form o^ for exanq>le» a sterfle sohition, suspendon or emul^on. 

The dose of a compound of the invention reqinred for the propfa^axis or treatment of a 
particular condition wiD vaiy dq>ending on the compound chosen, the route of 
adnnmstration, Ae form and severity of the condition and whether the compound is to 
20 be administered alone or in combination with another drug. Thus the precise dose will 
be deternuned by the admimstering physician but in gene^ 
range 0.001 to lOQm®^ preferably 0.1 to SQmg/kg, 

BIOLOGIC AL Acnvrry 

25 

The following test was used to demonstrate the activity and selectivity of compounds 
acconfing to the invention. 
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Affrivify apainst tumour vasculature measu red bv fluorescent dve. 

The foOomng experiment demonstrates the abi% of the coo^Kninds to damage 

tumour vasculature. 

Tumour fimctional vascular volume in CaiNT tumour-1)earing mice was measured using 
5 the flumescent dye Hoecfast 33342 acceding to the method ofSmithe/ of (Brit J 
Cancer 57, 247-253, 1988). The fluorescent ^ was dissolved in saline at 6.25 mgAnl 
andiqectediDtTBvenoudyat 10 nig^ 6 hours or 24 hours after intraperitoneal drag 
treatment, (tee nunute later, ammab were tolled and timiours excised and fifozen; 10 
|m sections were cut at 3 Afferent levds and observed under IJV ilhinmiation u^ 
10 Olymimsimcroscopeeqiuppedwithqriftiorescence. Blood vessds were identified by 
thdr fluorescent outlines and vascuhr vohmw was quantified using a point scoring 

system based on that described by ChaDdey, (J Nad Cancer Inst, 4, 47-53, 1943). M 
estimates were based on counting a mimmum of 100 fidds fixmi sections cut at the 3 
^eroitlevels. Results are expressed as percentage reduction in vascular vohmte 
IS compared to control. 

The activity oforaipoundsofdieinventicHi in tins assay is shown in Table 1. 
Table l:Reducti(m in tumour vascular vohme measured by fluorescent dye 



20 



Compound 



Dose(mg/l^ Hme % Reduction in 
0-P-) 00 vascular volume 



Fenbendazole 

Mebendazole 

Albendazole 

Onbendazote 

Nocodazole 

Conqxnmd of Exanq>le: 



500 
500 
500 
100 
100 



6 
6 
6 
6 
24 



44 
56 
51 
43 
23 



1 
2 
3 
4 
5 

12 
14 



500 

500 

SO 

50 

50 

50 

50 



6 

6 

24 

24 

24 

24 

24 



81 

80 
22 
53 
99 
51 
39 
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15 


SO 


24 


61 


16 


50 


24 


56 


17 


50 


24 


62 


18 


SO 


24 


47 


19 


SO 


24 


88 


20 


SO 


24 


69 


21 


SO 


24 


74 



The following mm-lbnitiiig Exanqdes ilhistiate the inventioii: 
S Fjtamplel 

A sohition (tf 3,4-<fiaimno-4*-4iydn»9benz(^henone (49.6ing, 0.21mmo0 and 1,3- 

l»s(niedK»9caiboiiyO-S-inethyl isoduourea (98nig, OMnaaaS) in ethanol (2.SmI) vns 

treated \inth e-tohienesiil|riunuc add C7nig) and the mixture 
10 nunutes. The ouxture was coded and die predintate collected by fil^^ 

with ethanol and hexane to die title compound (16ing) as a wUte sofid in.p. 

>258»C, *B^NMR (400 MHz, d6^MS0) 6 7.80 (s, IH), 7.6S (d. 2H. ^Hz), 7.50 

(s, IH), 7.49 (s, IH), 6.89 (d, 2H, J=8Hz), 3.77 (s. 3H) ppm. m/e 31 1 0^). Anal. 

Calculated for C16H13N304: C. 61.73; H. 4.21; N 13.49. Found: C, 61.68; H, 4.18; 
15 N 13.36. 

E?BWfflg2 

Mi-th yl ysf6W4-phosD honoo>CTbenzDyiWlJH>cnamidaznl-^^ 

A sohidon of mediyl [5^;4<&-tert-4)u^idiosphonooxy)beazoyl)-li7-4)ena^ 

20 ^Icaiiwmate (LSg, 3.0mmd) in diddonmiediane (SSmI) was cooled in an ice badi 
and treated widitrifluoroacedc add (6nl)droimnse. The nuxture was allowed to 
wann to room temperature and sdrred for 1 hour brfbre solvents were removed under 
reduced pressure. The residue was triturated vndiedier to give the tide compound 
(1.13g) as a white soBd m.p. >258X. 'H^^MR (300 MHz, d6^MS0) 6: 7.84 (s, 

25 IH). 7.75 (d, IH. J=9H2), 7.57 (d. IH. J=«Hz\ 7.52 (d, ^=8Hz), 7.33 (d, IH, ^HzX 
3.78 (s,3H) ppm. 
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The meth^ [S(6HM<fi'^'^^phosphonooxy)benz0yI)-l^-bm23ix^^ 
2yi]caiba]iiate used as starting matoial was prepared as follows: 
A solution of melliyl [S(6H^l9<^oxybenzoyl)-l£r-teizin]idazot^ 
(lOQmg, OJmmoI) in anhydrous tetrahydrofiiran (Ind) stirred under a nitrogen 

5 atmo^here was treated mth di-lerr-tmtyl dsethylphosphoranudite (74ii^ 0.29nimd) 
and Iff-tetrazde (54mg, O.TSnunoI) and the nuxture stirred until the reaction was 
shown to be conq>Iete by TLC (about lh)« The cooled (-40^C) mixture was treated ^ 
witii 3-chloropeibenzoic add (79n^ 0.39mmol) in diddoromelfaane (ImQ and stirred 
lOminutes before bcmgaDowed to warm to rcxnn temperature. Themkturewas 

10 washed with saturated aqueous sodium tncaibonate followed by brine and the dried 
CMgSOt) orgamc phase concmtrated under reduced pressure. The readue was 
dironiatographed on ^ca get duting first with 4% m^hanol/dichloromethane then 
with 5% m^hanol/dddoromethane. Metfa^ [S(6H4-(di'^~ 
butylpho^honooxy)benzoyi)-lfr4>enamidazol-2yq (35ing) was obtained as 

15 a white sofid m.p. 99-lOrC. 

Examples 

Methyl fy<a/4-phosDhonooxvDhemdtfiioVl/H)en2hni 

A sohition of metl^ [5(6H4K<^^-l'utylpho^honooxy)phenyitUo>-li7-- 

20 benziniidazol-2yI]caibamate (180mg) in anhydrous (fiddorometfaane (IQml) at 4*^C was 
treated with trifluoroacetic add (1 ml) and stirred for 1 .Sh. The mbcture was allowed to 
warm to roOTi teiiq)erature and concentrated und^ reduced pressure. Eth^ acetate 
was added and the mbcture concmtrated again. The re^due was triturated with diethyl 
ed», wadied vnAi diethyl ether foOowed by acetoneA^^ater 9: 1 and dried to give tiie 

25 titie coiqx>und (134n«) as a ^^e sofid in.p. 190-193X. AnaL Calculated for 
CisHi4l^06PS.3I|iO: C, 40.1; H, 4.5; N 9.3. iFound: C, 40.1; H, 3.9; N 9.2. 
Themetiryl [5{6y(^4^i&'^Anity^^ 
2yl]c8rbamate used as starting material was prq>ared as follows: 
A solution of methyl [S-(4*faydroxyphenyltluo)-l^-4)enznnidazol-2y^ 

30 (20Qmg) m a mbcture of anhydrous dhnethylfonnanttde (2ml) and anhydrous 
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tetrahydrofiiran (2inl) was treated wth di-/erf-butyl dietlqdphosphorainidite (350nig) 
and the mbcture stirred for 48h at ro€>mte[iq>er^ The mixture was cooled to 

and treated gradually with magnesium monoperoxypfathalate (8S0mg) so that 
theteiiq>enitufermiainedbdow-SO^C. A saturated aqueous solution of sodmm 

5 bicaibonate was added, keqmig the tonperature bdow duriiig the additicm then 
aOowing the mixture to warm to room temperature. The mixture was extracted with 
three portions (SQml each) of eth^ achate and the combmed extracts washed widi 
hrme (SOm!), dried (MgSCM) and concentrated under reduced pressure. The readue 
was purified by radial chromatography on silica gd duting vnih 

10 dichlorom^haneAnethanol 9: 1 to give methyl [5{(Sy(4-(di-iert- 

butylpho^honooxy)phenylthio)-1^4>enzimidazol-2yl]carb (I8Qmg)as a white 
foam. 

Example 4 

IS Methvl fSf6W4-aimnoDhemdthioVl/«)e nziTO 

Methyl [5{(Sy(A^t^)^^ ^ 
L78 mmoO was dissolved in nuxture of methanol (24 mQ and hydrod^ 
6ml) and heated under reflux for 16h. The sohidcm was neutralised with anmio 
solution and the methanol removed under reduced pressure. The vftitc predfntate was 
20 collected by filtration, washed with water and dried in vacuo to ^ve 392 mg of a pale 
yellow solid ntp. 282-284''C. m/e 298 (M*). 

Examples 

M^hyl [Sf 6)4^4-alanvlaminophemdthioVl/r4)enzimidazol^ 

25 A su^>eo^on of methyl [5(6H4-(Na-/67t-4mtoxycart>onylalan^amino)phenyhUo)^ 
ben2aimdazoI-2yI]carbamate (2S0mg) in didiloromethane (2Qnil) was treated with 
trifiuoroacetic add (4ml). The mixture was allowed to warm to room teiiq>erature and 
concentrated under reduced pressure^ Ediyl acetate was added and the nnxture 
concentrated i^gdn. The residue was triturated with (fiediyl ether to a£ford the 

30 triflu<m>acedc add salt of the title ccmqKnmd (lOSmg) as a wlute sofid OLp. 178- 
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182X. m/e 485 (M+). Anal. Calculated for Ci$Hi^5Q3S.2C2HF302 C; 43.1, H; 3,5, 
N; 1 1 .4 Found C; 42.8, H; 3.8, N; 1 1.3 

The methji [5(6)-(4-(Na-tot-butoxycai1x)nylalanyIam IH- 
benzbnidazot-^caibamate used as starting material was pmpmd as follows: 

5 A suspension of metl^ [5(^4-aniinopheiyWBO>-l/M)enrinwdazoi-2^ 
( 1 SOmg) in anhydrous telrahydroiuran (4ml) was treated wiih ii-ieri- 
butos^carbonylaianine (lOQmg), cooled to -35X and treated vnA l-(3* 
dimetliylannnoprop^S-eth^caibodiM The mixture was aOowed to 

warm to room temperature and stir for 16h. Water (4()ml) and acetate (20m]) 

10 were added and the mixture extracted with four portions of ethyl acetate (50ml eadh). 
The combined extracts v/ere wa^ed with brine (50ml), dried (MgS04) and 
concentrated under reduced pressure. The residue was purified on dlica gd duting 
with ethyl acetate to give methyl [SijSyiA^a-ieri'' 
butoxycarboi9lalanj^amino)phei9itluo)-lff-^^ 

15 (2S8nig) as a vMe sofid ntp. 222-224X. m/e 485 

Example 6 

Methvl rSf6W4-rmethoxvcarbonvlaminoYDhenvltlBoVlfl^enzi^ 

l^^^th^ [5(6)-(4*aminopheii^tUo)-l^-4)enzimidazol-2yI]car 048 

20 mmol) was cfissoh^ in dimeth^formanude (2 mi) and tetrafaydroforan (2 ml) and 
methyl ddoroformate (40 mg, 0.42 mmoO added together with trietl^lamine (43 mg, 
0.42 mmol). The sohition was stirred at 20^C for 72 h and then evaporated to diyi^ss 
under reduced pressure. The residue was purified by chromatograpl^ on alica gd 
duting with 5 % m^hanol/diddoromethane to give the title compound as a white 

25 solid; mp >350X (dec). 

Example? 

Methyl [5(6)^44phenvlaminocartx>m^amino^hCT^^ 
2^carbamate 

30 MeOyl [5(6K4-anmoplienyftldo)-l/r-ben2inud^ (ISO 0.48 

mmd) was dissolved in dimethylformamide (2 mQ and tetrahydrofiiran (2 mQ and 
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pheiQdisocyanate (56.8 mg, 0.48 minol) added togetho* with triethylaimne (SO mg, 
ca,0.5 mmol). The solution was stirred at 20X for 12 h and the solvents removed in 
vacuo. The residue was purified on ^ca (ethyl acetate/he)cane, 2:1) to give the title 
compound as a wUte sofid; mp 335-340^: (dec.).m/e 433 QA^. 

5 

Example 8 

Metfavl f5f6W4-fmethoxvcarbonvloxv\benzoiJVlJ^^ 

Metfa^ [Si€)^A4sydiox^benzoy^ (110 mg, OJS 

mmoO was dissolved in dimetfaylformamide (3.S ml) and triethylamine (0.5 ml). The 

10 solution was cooled to O^C and metl^ dilorofbrmale (50 mg, 0.52 nnmol) added with 
stirring. The sohition was stirred for 0. 5 h at 0*^C and the 1 h at 20^C and evq)orated 
to dryness. The re^due was dissolved in eth^ acetate (SO ml) and washed witii sodhmi 
bicarbonate (sat, aq., SO ml) and brine (SO ml), dried and evaporated. The re^due was 
purified by radial diromatography on silica gd duting with ethyl acetate/hexane, 1:1 

15 fi^Qowed by etfi^ acetate to give the title compound as a white solid; tap 224-226X 
(dcc)jn/e369(M*). 

Prepared in an analogous fiishion to Example 1 were: 

20 Example9 

[Sf6W2HgttethaxvcarbonylphenyHhioVllH)^ 
meth^ 2-(3»4-diaminophen^thio)benzoate (1.5g) and l,3-bis(melhoxycaiboiiyI)-S* 
medi^ isotMourea (2.25g) there was obtained die title compound (l.Slg) as a white 
solid m.p. 228-230 m/e 357 (M+). Anal. Calculated fi^r C17H15N3O4S: C, 57.13; H, 

25 4.23;N 11.75. Found: C,57.39;H,4.13;N 11.81. 

Example 10 

Methyl [S(6H3>methoxycaibonylphenvhMoVlJy-ben23midazoU fi t)m 
methyl 3-(3,4-diaimnophei9htuo)benzoate (246mg) and l,3-bis(metho?9carboii^>S- 
30 metfa^ isotluourea (371mg) there was obtamed the title compound (183mg) as an ofl^ 
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white solid m.p. 226-228 m/e 357 (M+). Anal. Calculated for CnHi5N304S: C, 57.13; 
H, 4.23; N 1 L75. Found: C, 56.58; H, 4.3 1; N 1 1.86. 

Example 11 

5 Methvl [5f6W^4-methoxycaibon^phenyltMoVl/M^ 

metfa^ 4-(3,4-diamtnopbenyhhio)benzoate (83Qmg) and l»3-bis(niethoxycatiH>nyO-S* 
methyl isoDuourea (1.25g) there was obtained the title compound (694mg) as an off- 
white solid ntp. 280-282 m/e 357 Anal. Calculated for Ci7Hisl^04S: C, 57.13; 

H, 4.23; N 11.75. Found: C. 57.21; H, 4.31; N 11.73. 

10 

Example 12 

Methyl f5(6W4-hvdroxvphenvlthioVlZM)enamidazol-2vl]c^ from 4-f4- 
hydn>xyphen^tluo)-l^-pheiiylenedianiine (4g) and l,3-bis(methoxycaibonyl)-S- 
methyl isotluourea (6g) there was obtained the title compound (2.4g) as a white solid 
15 ntp. 202-204X. m/e 315 (NO-'I^-NMR (400 MHz, d6-DMS0) 5 3.74 (s, 3H,), 6.76 
and 7.2 (AATBB', 4H, J = 8.6 Hz), 7.03 (dd, IH, J = 1.7, 6.6 Ha;), (d, IH, J = 

I. 4 Hz,X 7.34 (d, IH, J = 8.3 Hz,), 9.68 (b, IH.), 1 1.67 (b, 2H) ppm. 

Bxsaaaple 13 

20 Methvl rSf 6W4 -faixlvhmiino^henoxvVlfr-^^ from 4-^4- 

(acetylanuno)pheno)v>-l,2-pheiiyienedianune (L02g) and l,3-bi5(metfao39caibon^ 
S-metfa^ isotUouiea (2.67g) there was obtained the title compound (0.93g) as a vAato 
soEd m.p. 304-306^C m/e 340 (Nf). AnaL Calculated for Ci7Hi^404: C, 60.00; H, 
4.74; N 16.46. Found: C, 60.03; H, 4.72; N 16.42. 

25 

Prq>ared in an analogous fiishion to Example 3 was: 
Example 14 

Methyl [Sf 6W4-phosphonoaxvphen oxvVl/H>enzhmdaTO from methvl 

30 [5(6)-(4-(di-ler/-butylphosphonoo?^)pheno^ 
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(200mg) there was obtained the title compound (140mg) as a white solid m.p. 272- 
275X. 

Example IS 

5 Methvl rSf6;W44ivdroxv^-4ivdroxvini^ 

[S{(Sy{44sydn}xybea^^ (100 mg, 0.32 mmoO was 

added to a sohitlon of liydn»^anune (0.8 mmol) in MeOH (20 mL, prepared by 
treatment of hydroxylannne l^drocUoiide (0.64 g, 1.6 mmol) and NaOH (0.14g, 1.6 
mmol) fbUowed by fihration). The sohition was heated at 70X for 36 h, cooled and 

10 water (30 ml) added. The sohition was filtered and wa^ed vnth ether and the solid 
triturated with methanol to ^dd the title compound (40 mg) as a white solid; mp 288- 
290^C. 

The following known conqx>unds were prqpared by literature methods: 

15 

Example 16: Methyl [S(6)-(4-(acet^anuno)phenoxy>l/r-benzimidazol-2^^ 
Exan^le 17: Methyl [S(6)<4-anunoirfienoxy>li7-benanudazol^ 
20 Example 18: Meth^ [S(6)-(3-anmophenoxy)-lJy4>enzimidarol-2^caib^ 
Example 19: [S(6)-(4-hydroxybenzo^lJ7-^enzunidazol*2^]caibaniate 
Example 20: [S(6)-(2-hydro?9benzoyO-1^4)en2imidazol-2yl]carbamate 

25 

Example 21 : [5(6)-(34^droxybenzoyl)-lfM>enzimidazol-2^]carbaniate 
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CLAIMS 



1. Use of vascular dama^ng agents in the prq)arat]on of oomposidons for 
the treatment of diseases involving angjog^i^s, characterised in that the agents are 



10 

Alk is an aD^ group 

Xisoxygen, sulptun-, sulphmyl, sulphoi^ caiboi^i (CO), thiocaibonyl (CS) » 
sulphoi^o?^, NH, iminomethylene (C=NH), N-hydroxyiminomcdiylene, N- 
alko^gdminom^hylene, dialko^qm^hjdene, l,3-dioxolan-2^ 1,1-ethai^ agroup 
15 CHR^orabond 

b hydrogen, aQ^laminocarbonyl or alkoxycatboi^l 
is hydrogen, aOco^tycaibonyl, CTanometfayt, cyanocth^ aOcoxymetl^l or 
acetoxymetfayl. 

R^ is hydrogen, hydroxy, dSkaxy or anuno 
20 A is an optionaDy substituted an>nialic,qptionaItysubst^ 

optionally substituted hetercx^oaik^ optionally substituted alkyl or optionally 
substituted c^oalk^ gmqp 

and the phannaceuticaDy acceptable salts, solvates and hydrates thereof 



2. A use according to claim 1 who^ the substituent on A is selected 
fiom (a) alkyl substituted by one or more of hydroxy, amino, aD^amino, dialkjdaiimio, 
halogen, carbox^ SO3H, sulphate, phosphate, alkoxycarbon^ aralkoxycaibonyl, 
alkoxycaifocniylamino, aminoaikylaininocaiboiiyl and cyano; or halogen, hydros. 



5 5(6)-substituted benziinidazoIe-2-carbaniates of fommla: 




I 



iwherein 
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amino, aOcoxy, all^thio, c^ano, nhro, sulphate, isothioc^anate, ai^ hetmaryi or 

heterocydoalM; or (b) a group Y sdected fiom 

phosphate, alkylphosphate, C(0)R\ 0CX0)R\ S0^\ NHC(0)R\ 

NR^C(0)R\ SK\ S(0)R*, OSQ2R*, NHSQiR:*, 

5 mi^SO^\ SO^ CQ2II and COiR^ where is selected fiom hydrogen, R^ OR^ 
MHR', NR^^ ar^ heteroatyl or heterocydoaDcyl such aryi» h^eroaryl or 
heteroc^doaikyl groups bdng optional^ substituted with one or more substituents 
sdected from aO^ heteroc^oalkyl, haloalk^ hydroxy, nitro, (^ano, anuno, 
alkyiamino, diall^amino, halogen, carbox^ SO3H, sulphate and phosphate whorein 

10 R' and R^ vMch may be the same or different, are each an aOcyl group optionally 
substituted with one or more substitumts sdected from t^droxy, amino, allc^amino, 
dialk^amino, guanidino, halogoi, caibo)^ SQ3H, sulphate, phosphate, aiyl and 
heteroai]^. * 

15 3. A 5(6)-substituted benziniidazole-2-caibamate of fr>mnila 



AUc is an aO^ gnnq) 

X is oxygen, sulphur, sulplunyl, sulphonyl, caibonyl (CO), thiocaifoon^ (CS) , 
su^hofl^oxy, NH» tminomethylene (C=NH), N-4iydro;^iminometl^ene, N- 
alkoj^inmunnelfa^ene, diaOcoxynietfaylene, 1,3-dioxolan-^ 1,1-etha^ a group 
25 CHR^orabond 

R^ is hydrogen, aOcylamtnocaibon^ or alkoxycarixmyl 

R^ishydrog^ alk039caiiK>nyl, cyanomethyl, cyanoeth^ alkoxymetb^ or 

acetoxymetfa]^. 

R' is hydrogen, hydroxy, aOcoxy or amnio 




I 



wherein 
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A is an optionally substituted aromatic^ optionally substituted h^eroaromatic, 
i^ytionally substituted hetenx^doall^ optionally substituted alk^ or optional^ 
substituted (^doall^l group 

in wfaidi at least one substituent is Y sdected from phosphate^ alk^pho^hate, 

5 C(0)R*, OC(0>R*, SO^\ NHC(0)R\ NR'C(0)R*, SR*, S(0)R\ 0S0^\ 
MHSQ2R\ NR^SOiR*, SQjH CO2H and COzR' where is selected from hydrogen, 
R*, 0R^ NHR^ NRV, ai^ heteroai^ or heteroc^oaDcyi such ai^ heteroai^ oc 
heteroc^oalk^ groups being optionally substituted with one or more subsdtuents 
selected frcnn alk^ heterocycloa%l, haloalM, hydroxy, nitro, c^ano, amino, 

10 aDcylamino, diaDcylamino, halogai, carboxyl, SOaH, sulphate and phosphate wherein 
R* and R*, wUdi may be the same or different, are cadi an alkjd group optionally 
substituted with one or more substituents sdected from I^droxy, amino, alk^amino, 
diaDc^amino, guanidino, halogen, caiboxyl, SO3H, sulphate, phosphate, aiyl and 
h^eroaiyl and the pharmaccutically accq>table salts, solvates and hydrates thereof. 

15 

4. A carbamate according to daim 3 of formula: 
y R1 O aflc 

R8 n 

20 wherein 

alk is an alk)i group 

B is an aromatic or heteroaromatic ring 

X is oxyg^ sulphur, sulphh^ sulphonyl, carboiryl (CO), thiocaibonyi (CS) , 
25 sulphonytoxy, NH. iminometl^ene (ONH^ N-hydroxyiminomethyleoe, N- 

alkoxyimmomediylenei diaOco^^nieth^ene, l,3-dioxolan-2yI, 1,1-ethenyi, agroup 
CHR^orabond 

R^ is hydrogen, alManunocarboiiyl or aDcoT^caiboi^l 
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is trydrogra, alkoxycarbonyl, <^oinetfayI, cyanoethyl^ alko^^etliyl or 
acetoxymediyl 

Rf is faydrogen, hydroxy, aOcoxy or aimnp 
Y is as herdnbcfine defimd 
5 and R' are eadi]ndq)emleiitlyH,aIkyl, halogen 

cfiaD^iaiimo, dOcos^, alkyiddo, cyano, nitro, or trifluoromedqi 

vdth the proviso that Y is not NHC(0)Me and vAien B is a tUophene iii« then Y is 
not C(0)CF3 and when B is a 5(6)-benzinudazole ring thai Y is not NHC(We or 
10 KHCOiEt 

and the pharmacoiticaUy acceptable salts, soWates, hydrates and prodrugs tfaereo£ 

5. A caihamate according to daim4 in which Y is a phosphate group. 

15 

6. AcaitMonate according to daim 4 in v\^ch Y isNHC(0)R^ vfhminK^ 
is a l-anunoalkyl group. 

7. A conq^oadon for treatment of dseases invohong autogenesis 
20 comprimig at least one 5(6)-substituted benziniidazole-2-carbaniate of formula I as 

ligRiif d in rJnitifi 1 in Ml amount Sufficient to damage new v a scu l atu r e. 

8. A conq>oation aocon&ig to dahn 7, ^idierdn the carbamate is as 
defined in daim 2. 

25 

9. A composition according to claim 7, whordn the carbamate has a 
fimmilall as defined in claim 3. 
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